Abstract: By means of the HF/6-311G(d,p) method, the electronic structure of the series of organic molecules, among which are malonaldehyde, acetylacetone, thiomalonaldehyde, the derivatives of aniline 2-XC 6 H 4 NH 2 , phenol 2-XC 6 H 4 OH, benzenethiol 2-XC 6 H 4 SH (X = CHO, COOH, COO -, NO, NO 2 , OH, OCH 3 , SH, SCH 3 , F, Cl, Br), 8-hydroxyquinoline, 8-mercaptoquinoline, tropolone, has been studied. The intramolecular hydrogen bond (IHB) has been established to lead to a local electron redistribution in quasicycle, and primarily to the electron density transfer between the direct IHB participants -from the hydrogen atom toward the proton-aceptor atom. On forming the IHB of the S-H···O type, the electron density in general decreases on the sulphohydryl hydrogen atom and increases on the sulphur atom.
INTRODUCTION
Boiling and melting points, vapour presure, solubility, molar volume, density, mixing heat, heat conductivity and heat expansion, viscosity, surface tension, dielectric constant and dielectric losses, dipole moment, electroconductivity, segnetoelectric properties, diamagnetic susceptibility, ionization, molar refraction, refraction coefficient, another optical properties, spectra, acid-base, tautomeric, analytical properties, reactivity, biological activity of chemical compounds depend on the presence of intramolecular hydrogen bond (IHB) and its thermodynamic parameters. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] For the directive synthesis of compounds, the quantum chemical evaluation of the IHB effect on the electronic structure of molecules is of great interest.
The appropriate model objects for studying IHB are organic molecules with a planar quasicycle. They are widely distributed and play a very important role in chemistry, 1, 4, 5, 8, 9, 11 being promising building blocks for constructing the supramolecular structures with the specific receptor properties. For the planar quasicyclic systems, the effect of IHB on the electronic structure of molecules can be isolated in the explicit form. Usually, the reference objects on studying the IHB are the isomers without IHB. But such the compounds differ substantially by their properties from the isomer with IHB. In the cases of many molecules with a planar quasicycle, more adequate reference compound could be used -a conformer without IHB, with all other specific interaction being the same as those in the molecule with IHB. 12, 13 The aim of the present work consists in obtaining the direct information about the IHB effect on the electronic structure of molecules by means of quantum chemical study of the electron density redistribution in the molecules when forming IHB.
Using as the reference objects (for comparison) the conformers with a 180°-rotation of the X-H bond in respect to the rotamers with a hydrogen-bonded quasicycle, as well as the corresponding para isomers, we have studied the IHB effect on the electronic structure of molecules with planar quasicycle, as well as the corresponding para isomers. For the substituted anilines, para isomers are the only available reference compounds. In the case of other compounds the regularities of the IHB influence on the electronic structure have been stated using more adequate references -rotamers.
COMPUTATIONAL METHOD
The quantum chemical computations were performed ab inito by the Hartree -Fock (HF) 14 method with the 6-311G(d,p) basis set 15, 16 using the program from the Hyper Chem package [HyperChem (TM), Hypercube, Inc., 1115 NW 4th Street, Gainesville, Florida 32601, USA] with the complete geometry optimization (Polak -Ribiere conjugate gradient algorithm). 17 That theory level (HF/6-311G(d,p) is sufficient for the overview of tendency in electron density redistribution on the IHB formation in the series of compounds. Such a statement is confirmed by the computations at higher theory levels for 8-hydroxyquinoline 18 and 8-mercaptoquinoline. 19 
RESULTS AND DISCUSSION
The objects of investigations ( Fig. 1) were: 1. Malonaldehyde (I) and acetylacetone (II) in the enolic form, thiomalonaldehyde (III) in the thioenolic form.
2. The derivatives of aniline 2-XC 6 H 4 NH 2 : 2-aminobenzaldehyde (IV, X = CHO), 2-aminobenzoic (anthranilic) acid (V, X = COOH), 2-aminobenzoate anion (VI, X = COO -), 2-nitrosoaniline (VII, X = NO), 2-nitroaniline (VIII, X = NO 2 ), 2-aminophenol (IX, X = OH), 2-methoxyaniline (ortho-anisidine) (X, X = OCH 3 ), 2-aminobezenethiol (XI, X = SH), 2-methylmercaptoaniline (XII, X = SCH 3 ), 2-fluoroaniline (XIII, X = F), 2-chloroaniline (XIV, X = Cl), 2-bromoaniline (XV, X = Br).
3. The derivatives of phenol 2-XC 6 H 4 OH: 2-hydroxybenzoic (salicylic) aldehyde (XVI, X = CHO), 2-hydroxybenzoic (salicylic) acid (XVII, X = COOH), salicylate anion (XVIII, X = COO -), 2-nitrosophenol (XIX, X = NO), 2-nitrophenol (XX, X = NO 2 ), 1,2-dihydroxybenzene (pyrocatechol) (XXI, X = OH), 2-methoxyphenol (guaiacol) (XXII, X = OCH 3 ), 2-hydroxybenzenethiol (XXIII, X = SH), 2-methylmercaptophenol (XXIV, X = SCH 3 ), 2-fluorophenol (XXV, X = F), 2-chlorophenol (XXVI, X = Cl), 2-bromophenol (XXVII, X = Br).
4. The derivatives of benzenethiol 2-XC 6 H 4 SH: 2-mercaptobenzoic (thiosalicylic) aldehyde (XXVIII, X = CHO), 2-mercaptobenzoic (thiosalicylic) acid (XXIX, X = COOH), thiosalicylate anion (XXX, X = COO -), 2-nitrosobenzenethiol (XXXI, X = NO), 2-nitrobenzenethiol (XXXII, X = NO 2 ), 2-methoxybenzenethiol (XXXIII, X = OCH 3 ), 1,2-dimercaptobenzene (dithiocatechol) (XXXIV, X = SH), 2-methylmercaptobenzenethiol (XXXV, X = SCH 3 ), 2-fluorobenzenethiol (XXXVI, X = F), 2-chlorobenzenethiol (XXXVII, X = Cl), 2-bromobenzenethiol (XXXVIII, X = Br).
5. 8-Hydroxyquinoline (XXXIX), 8-mercaptoquinoline (XL). 6. 2-Hydroxy-2,4,6-cycloheptatriene-1-one (tropolone) (XLI). The charges on atoms of the molecular system I-XLI, with IHB as well as of the reference compounds (another conformers of the molecules and the corresponding para isomers), were obtained within the framework on the analysis of orbital occupancies by Mulliken. 20 The electron distribution in molecule defines its dipole moment. Therefore, the correctness of the results of our quantum chemical computations is indirecly confirmed by the good reproduction of experimental dipole moments of molecules of the studied and reference substances (Fig. 2) . Even for the so exotically constructed compound as tropolone XLI, the value of dipole moment we calculated, 3.608 D * , agrees with the value of 3.71 D measured by the second Debye method in benzene at 25°C with the data extrapolation to the infinitely low concenctration. 21 Moreover, the relationship between the experimental and computed values of dipole moments is of linear character: the number of compounds m = 38, m exper = bm theor , where b = 0.9111 ± 0.0374, therewith the correlation coefficient is sufficiently high: r = 0.9601. The correlation equation obtained could be used for evaluating a priori the dipole moments in the cases, when the experimental estimation is complicated, as well as for predicting the dipole moments of molecules of the compounds not synthesized yet. The analysis of the results obtained has allowed to formulate the following tendencies of the IHB effect on the electronic structure of molecules.
1. In the molecules of 2-nitroaniline VIII, 2-methoxyaniline X, 2-aminophenol XIV and 2-methoxyphenol (guaiacol) XXII, IHB leads to the electron density transfer between the direct participants of binding, i.e., from the mobile hydrogen atom toward the proton-acceptor oxygen atom. In the same group of compounds is 2-methylmercaptobenzenethiol XXIV, where on the IHB formation, the charge on proton-acceptor sulphur atom decreases by 0.043 (24.6 %) compared to the conformer without IHB.
2. In the system, I, II, IV-VII, XV-XXI, XXV-XXVII, XLI on the IHB formation, the local electron redistribution in quasicycle takes place (Fig. 3 serves as an example) . Therewith, analogously, to Paragraph 1, the electron density is transferred from the hydrogen atom to the acceptor atom -IHB participant. The exception is 2-fluorophenol XXV, in the molecule of which the charge on mobile hydrogen atom remains practically unchanged on forming IHB, whereas the negative charge on fluorine atom increases by 0.021 (6.84 %). In the molecule of malonaldehyde I enolic form, on forming IHB the negative charge on carbonyl atom of oxygen increases considerably (by 0.088, or 22.1 %).
The IHB formation in the molecules of 2-aminobenzaldehyde IV, 2-amino- benzoic acid V, 2-aminobenzoate anion VI, 2-nitrosoaniline VII and 2-nitrosophenol XIX is accompanied by the electron density flow from the NH proton toward the atoms of amine nitrogen and oxygen, as well as from the carbon atom (nitrogen of nitroso group) toward the oxygen atom within the carbonyl (carboxylate) group or nitroso group. Because of the IHB formation in 2-bromoaniline XV, the negative charge on nitrogen atom becomes 0.068 (11.7 %) lesser (in comparison with the para isomer). Similarly to that, in 2-chlorophenol XXVI the negative charge on chlorine atom increases by 0.041 (83.7 %); greater by 0.036 (13.9 %) becomes the negative charge on carbon atom bound to chlorine (as compared with the conformer without IHB). In the molecule of 2-bromophenol XXVII in going from the conformer without IHB to the hydrogen-bound rotamer, the negative charge on bromine atom increases by 0.039 (433 %).
In the molecules XVI-XVIII, XX, XXXIX-XLI, the electron density transfer from the hydrogen atom involved in IHB to the both heteroatoms (the atom carrying this proton and the atom -aceptor of proton in IHB) is observed. Therewith for salicylic aldehyde XVI, the increase in positive charge on carbon atom of the aldehyde group and in negative charge on carbon atom bound to it is peculiar. In salicylic acid XVII on forming the IHB, the polarization of C=O bond and the increase in negative charge on the carbon atom bound to carboxyl group take place. Salicylate anion XVIII is characterized by the polarization of carboxylate group bonds when IHB is formed. Both the positive charge on carbon atom at the ipso position in respect to OH group, and the negative charge on C-atom bound to the COO -group, increase. In the case of 2-nitrophenol XX, the general tendency described in Paragraph 2 of electron density redistribution in quasicycle, does not refer to carbon atom bound to the carboxyl group. In the molecule of pyrocatechol XXI on forming IHB, the increase in negative charge by 0.060 (13.8 %) and the proton-aceptor atom of oxygen occurs. For 8-hydroxyquinoline XXXIX, the principal change in electron distribution is on nitrogen atom, the negative charge on which increases by 0.093 (24.0 %). In the molecul of 8-mercaptoquinoline XL, the most remarkable electron density redistribution is within the SH group, according to the Paragraph 3. As for the molecules XXXIX, XL, the tendencies in IHB effect on the electron structure of molecules revealed in the present work coincide with those found at the higher theory levels:
, including the use of natural bond analysis (NBO). 18, 19 The latter testificies to the correctness of the results of the present work. 3. Provided that IHB forms with a participation of the S-H bond in the molecules III, XXIII, XXVIIII-XXXII, XXXVII, XXXVIII, the electron density is transferred mainly within the S-H group from the hydrogen atom toward the sulphur atom (in Fig. 4 an example is presented).
In the case of 2-hydroxybenzenethiol XXIII, the latter statement is valid also with respect to the O-H···S IHB. Probably, such character of electron redistribution in sulphur-containing molecules is caused, to the considerable extent, by a high polarizability of sulphur atom. 22, 23 Along with the aforementioned general tendency, one could point to the particular peculiarities for some compounds. Thus, in thiosalicylate anion XXX on forming IHB, the redistribution of charges in carboxylate group takes place. In the molecule of 2-nitrobenzenethiol XXXII, the charge transfer from SH proton toward the oxygen atom of nitro group occurs; besides, the positive charge on carbon atom bound to nitro group increases. Therefore, the compound XXXII can be equaly assigned to the group of substances described in the Paragraph 2.
4. In the molecules of 2-aminobenzenethiol XI, 2-methylmercaptoaniline XII, 2-fluoroaniline XIII, 2-chloroaniline XIV, 1,2-dimercaptobenzene (dithiocatechol) XXXIV, 2-metylmercaptobenzenethiol XXXV, 2-fluorobenzenethiol XXXVI, the electron density redistribution is not substantial as compared to the reference systems. That is due to the fact that the distance between the acidic hydrogen atom and the proton-acceptor centre (Table I ) is close to the boundary distance among a hydrogen bond and a van der Waals interaction. [24] [25] [26] [27] [28] [29] The results obtained can be discussed in the connection with reactivity of organic compounds in the reactions initiated by electrostatic interaction. Among those are many complexing reactions with a participation of donor oxygen atom of a ligand. From the viewpoint of hard and soft acids and bases concept, 30-32 the oxygen is a hard reactive centre. 22, 23 With the metal cations (hard Lewis acids), the charge-controlled hard-hard interaction is realized. The reactivity indices are therewith the charges on atoms and electrostatic potentials (ESP) of the molecules. The latter is determined by both the electron distribution and the geometry of molecules. On cleavage of the IHB, no substantial change in ESP could occur from the sides of carbonyl and phenolic oxygen atoms -the possible reactive centres of complexing, since in going from one conformation to another, the changes in both the electron distribution and molecular geometry are minimal.
The latter is valid also for the reactions, in the course of which the strong covalent bonds are formed (soft-soft interaction between the metal cations -soft Lewis acids and the sulphur-containing compounds. 22, 23 The IHB cleavage does not influence the energy of bond between metal and donor centre.
Therefore, independently on the extent of reactant's restructuring as the reaction proceeds, IHB does not obviously effect on the mechanism of chelation. However, IHB is involved in the energetic effect of the reaction, that is of importance for the aimed design of analytical reagents. Prou~avana je elektronska struktura serije organskih molekula, me|u kojima su malonaldehid, acetilaceton, tiomalonaldehid, derivati anilina 2-XC 6 H 4 NH 2 , fenol 2-XC 6 H 4 OH, tiobenzen 2-XC 6 H 4 SH (X = CHO, COOH, COO -, NO, NO 2 , OH, OCH 3 , SH, SCH 3 , F, Cl, Br), 8-hidroksihinolin, 8-merkaptohinolin, tropolon. Utvr|eno je da me|umo-lekulska vodoni~na veza (IHB) vodi lokalnoj redistribuciji elektrona u kvazi-cikli~nom molekulu i to primarno transferu elektronske gustine izme|u direktnih u~esnika IHB -od vodoni~nog ka atomu proton-akceptora. U formirawu IHB tipa S-H···, elektronska gustina opada vodoni~nom sulfohidrilnom atomu, a pove}ava se na atomu sumpora. 
